ASTROPHYSICAL JOURNAL 


FounpDeED IN 1895 By Georce E. HALE AND James E. KEELER 
Published in Collaboration with the American Astronomical Society 


A. Ast MigALas 
Managing Editor Associate Managing Editor 
Kitt Peak National Observatory University of Chicago 


EDITORIAL BOARD 


SIDNEY VAN DEN BErGs (1972-76) HERBERT FRIEDMAN (1970-74) 
David Dunlap Observatory U.S. Naval Research Laboratory 


Awan H. Barrett (1971-75) MAartTEN Scumipt (1969-73) 
Massachusetts Institute of Technology California Institute of Technology 


L. Wotrjer (1968-72) 
Columbia University 


Production Manager: JEANETTE R. BURNETT 


VOLUME 171, PART 1 


1972 JANUARY 1, JANUARY 15, AND FEBRUARY 1 


THE UNIVERSITY OF CHICAGO PRESS 
CHICAGO, ILLINOIS 


| THE 

= 
& 

| 

‘ah 

é 

4 

4 

‘ 


© 1972 BY THE UNIVERSITY OF CHICAGO. ALL RIGHTS - RESERVED. 
PUBLISHED SEMIMONTHLY 


CHICAGO, ILLINOIS, U.S.A. 


£ { 
| 
a 
se 


CONTENTS, PART 1 


NUMBER 1 
ADDITIONAL SCRUTINY OF A PROPOSED TEST FOR CLUSTER EXPANSION . Herbert J. Rood 


EMIssION-LINE INTENSITIES AND UBV MAGNITUDES FOR TWENTY-THREE MARKARIAN 
Gataxms . . . . . Daniel W. Weedman 


ON THE INTEGRAL-SIGN GALAxy MCG 12-7-28 
Harvey B. Richer, Stewart Sharpless, and B. Ingemar Olson 


INTERSTELLAR SopiuM LINES AND THE Two-CoMPONENT Mopet oF Gatactic H 1 
. L.M. Hobbs and B. Zuckerman 


PHOTOCHEMISTRY AND LIFETIMES OF INTERSTELLAR MOLECULES 
L. J. Stief, B. Donn, S. Glicker, E. P. Gentieu, and J. E. Mentall 


GamMaA-RAy OBSERVATIONS OF THE GALACTIC CENTER AND SOME POSSIBLE POINT 
Sources. . . . C.E. Fichtel, R. C. Hartman, D. A. Kniffen, and M. Sommer 


ABSOLUTE FLUx DENSITY MEASUREMENTS AT CENTIMETER WAVELENGTHS 
W. J. Medd 


X-Ray SPECTRA OF DISCRETE SOURCES IN CYGNUS 
R. D. Bleach, E. A. Boldt, S. S. Holt, D. A. Schwartz, and P. J. Serlemitsos 


THE POPULATION OF HELIUM TRIPLET STATES IN GASEOUS NEBULAE 
G. W. F. Drake and R. R. Robbins 


AN UNUSUAL ABSORPTION FEATURE IN THE FAR-ULTRAVIOLET SPECTRUM OF EARLY-TYPE 
SUPERGIANTS . . . . . . A.B. Underhill, D. S. Leckrone, and D. K. West 


Tue Lirntum Isotope Ratio In F anp G Fretp Stars . . Judith Gamora Cohen 


AN ABUNDANCE ANALYSIS OF THE PHOTOMETRIC STANDARD 29 PisctuM 
Daniel A. Klinglesmith III 


THE p-PROCESS IN EXPLOSIVE NUCLEOSYNTHESIS 
J. W. Truran and A. G. W. Cameron 


THEORETICAL PULSATION CONSTANTS AND CEPHEID MASSES 
J. P. Cox, D. S. King, and R. F. Stellingwerf 


THE PULSATIONS OF PoLyTRoPiIc MASsEs IN Rapip, UNIFORM ROTATION 
N. R. Lebovitz and G. W. Russell 


ELECTROMAGNETIC FIELDS PRODUCED BY RELATIVISTIC ROTATING DIsks 
Ernst T. Scharlemann and Robert V. Wagoner 


THE MomeENT METHOD IN RELATIVISTIC RADIATIVE TRANSFER 
J. L. Anderson and E. A. Spiegel 


INTERSTELLAR PROPAGATION OF GALacTiIc Cosmic-Ray Nucter 2< Z< 8 IN THE 
ENERGY RANGE 10-1000 MeV PER NuctEonN.. . . . . . .G.M. Mason 


Cosmic-Ray EFFects oN DirFusE GAMMA-RAY MEASUREMENTS G. J. Fishman 


NUCLEAR COMPOSITION AND ENERGY SPECTRA IN THE 1969 Aprit 12 SOLAR-PARTICLE 
Event... .  D.L. Bertsch, C. E. Fichtel, and D. V. Reames 


ili 


| 
163 


iv CONTENTS 
THE SOLAR ABUNDANCE OF SILICON FROM FORBIDDEN LINES OF Si I 
N. Grevesse wad J. P. Swings 


MIssING SOLAR ULTRAVIOLET OPACITY AND D1aToMIC MOLECULES 
S. P. Tarafdar and M. S. Vardya 


Rapio RECOMBINATION LinES . . . . ._ P.S. Berger and M. Simon 


NUMBER 2 


METAGALACTIC GAMMA Rays FROM RELATIVISTIC-ELECTRON BREMSSTRAHLUNG INTER- 


THE UNLIKELINESS THAT MOLECULAR HyDROGEN STABILIZES CLUSTERS OF GALAXIES 
OR CLOSES THE UNIVERSE. ..... .Thomas W. Noonan 


PHOTOIONIZATION AND THE EMISSION-LINE SPECTRA OF QUASI-STELLAR OBJECTS 
Kris Davidson 


THE SPECTRUM OF THE QUASI-STELLAR OBjecT PHL 957 
John L. Lowrance, Donald C. Morton, Paul Zucchino, J. B. Oke, and Maarten Schmidt 


THE PECULIAR ExTRAGALACTIC System NGC 6438 
E. Margaret Burbidge and G. R. Burbidge 


THE SPECTRA AND COLORS OF Two BLUE HoRIZONTAL-BRANCH STARS IN OMEGA CENTAURI 
A. W. Rodgers 


IC 4665, a CLUSTER OF BinartES. . Helmut A. Abt, C. T. Bolton, and Saul G. Levy 


CIRCUMSTELLAR SHELLS IN THE YOUNG CLUSTER NGC 2264. II. INFRARED AND FURTHER 
OPTICAL OBSERVATIONS 
Stephen E. Strom, Karen M. Strom, A. L. Brooke, Joel Bregman, and Jonathan Yost 


OBSERVATIONAL EVIDENCE OF COLLISIONAL EXCITATION IN Two DIFFUSE NEBULAE 
; Richard H. Cromwell and Beverly T. Lynds 


A COMPARISON OF THE LUMINOSITIES OF PERSEUS-ARM SraRs IN THE Hy AnD MK 


ULTRAVIOLET PHOTOMETRY FROM THE ORBITING ASTRONOMICAL OBSERVATORY. II. 
INTERSTELLAR EXTINCTION . . . . . =~. R.C. Bless and Blair D. Savage 


SEMICONVECTION IN THE CORE-HELIUM-BURNING PHASE OF STELLAR EVOLUTION 
J. W. Robertson and D. J. Faulkner 


EQUILIBRIUM, PULSATIONAL, AND SECULAR STABILITY PROPERTIES OF THE LOWER 
CARBON-BURNING MAIN SEQUENCE . ...__. John T. Mariska and Carl J. Hansen 


POLYTROPIC AND ISOTHERMAL PLANE-SYMMETRIC CONFIGURATIONS 
; E. R. Harrison and R. G. Lake 


ROTATION AND LITHIUM ABUNDANCE IN SOLAR-TYPE StaRS. . . . . R.H. Dicke 


THE Quiet-TimE SPECTRA OF Cosmic-RAy ELECTRONS OF ENERGIES BETWEEN 10 AND 
200 MeV OBSERVED ON OGO-5 . Jacques L’Heureux, C. Y. Fan, and Peter Meyer 


ComPTON BACKSCATTERING OF SOLAR X-RAy EMISSION. . . ... Fred F. Tomblin 


RELATIVE LINE STRENGTHS OF INTENSE EXTREME-ULTRAVIOLET LINES OF NaI AND THEIR 
IMPORTANCE IN ESTIMATING INTERSTELLAR ABUNDANCES 
M. W. D. Mansfield and J. P. Connerade 


THE STRENGTH OF THE O I \7774 LINE IN THE BRIGHTEST STARS IN THE MAGELLANIC 


179 
191 

.,; 

| 
259 
267 

| 
331 
377 
391 


CONTENTS 


THE STELLAR CONTENT OF THE NUCLEI OF NEARBY GALAXIES. II. A NoTE on NGC 4594 
Hyron Spinrad and Benjamin J. Taylor 


SCANNER ABUNDANCE STUDIES. V. GLOBULAR CLUSTERS IN M31 
Hyron Spinrad and Francois Schweizer 
ABSTRACTS OF ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES 
SPECTROPHOTOMETRY OF THE BETA CEPHEI STARS 2 ony 
Non-LTE Mopet AtmospHEereES. VII. THE HyDROGEN AND HELIUM SPECTRA OF 
THE O STARS and Dimitri Mihalas 
ADDENDUM AND ERRATUM 
REALIZATION OF ACCURATE CLOSE-BINARY LIGHT CURVES: APPLICATION TO MR 
Cyenr. . . . . . . Robert E. Wilson and Edward J. Devinney 
NUMBER 3 


DISSIPATIVE EFFECTS IN THE EXPANSION OF THE UNIVERSE. I. 
Richard A. Matzner and Charles W. Misner 


DISSIPATIVE EFFECTS IN THE EXPANSION OF THE UNIVERSE. II. A MULTICOMPONENT 
MOoDEL FOR NEUTRINO DISSIPATION OF ANISOTROPY IN THE EARLY UNIVERSE 
Richard A. Matzner 


THE EFFECT OF TEMPERATURE VARIATIONS ON THE PRIMEVAL PRODUCTION OF HELIUM 
Fred M. Ipavich 


ON THE ORIGIN OF THE ABSORPTION LINES IN QUASAR SPECTRA. . . .R.C. Roeder 
PHOTOMETRY OF Compact GALAxIES. B.S. P. Shen, P. D. Usher, and J. W. Barrett 


Tue CoLor CHANGE OF A POPULATION MODEL BASED ON THE M32 GALAXY OVER THE 
Four-BILLION-YEAR LOOK-BACK TimE TO 3C 295. . . . . Hyron Spinrad 


ON THE TIME DEPENDENCE OF EMIssION-LINE STRENGTHS FROM A PHOTOIONIZED NEBULA 
John N. Bahcall, Ben-Zion Kozlovsky, and E. E. Salpeter 


INTENSIFICATION OF GRAVITATIONAL RADIATION BY A MASSIVE ROTATOR 
John K. Lawrence 


NONLINEAR CONDENSATIONS IN SELF-GRAVITATING MeEpiA. I. A NuMERICAL APPROACH 
Jean-Louis Tassoul and Gérard Pellieux 


NONLINEAR CONDENSATIONS IN SELF-GRAVITATING MepiA. II. AN ANALYTICAL Ap- 
PROACH . . . . . . Jean-Louis Tassoul and Monique Tassoul 


ON THE DISTRIBUTION OF OH IN THE GALAXY. I. CORRELATION WITH CONTINUUM SOURCES 
AND WITH FORMALDEHYDE. ......... . . . . .B.E. Turner 


A Sorr X-Ray SuRVEY FROM THE GALACTIC CENTER TO VELA 
R. W. Hill, G. Burginyon, R. J. Grader, T. M. Palmieri, 
F. D. Seward, and J. P. Stoering 


PossIBLE OBSERVATION OF HIGH-ENERGY GAMMA RAYS FROM THE CYGNUS REGION 
M. Niel, G. Vedrenne, and R. Bouigue 


BIAS OF VIRIAL-THEOREM ESTIMATES OF MAsSs.. OD. Sher 


PRE-MAIN-SEQUENCE Stars. I. LicgoT VARIABILITY, SHELLS, AND PULSATION IN NGC 


PROFILES OF EMISSION LINESIN Be Stars. . . . . . . Su-Shu Huang 


v 
| 
402 
411 
413 i 
451 

7 
4 


vi CONTENTS 


TimE SCALES FOR Ca 11 Emission DecAy, ROTATIONAL BRAKING, AND LITHIUM DEPLE- 


LicuT VARIATIONS IN MAGNETIC Stars. . . . . . . +. John D. Trasco 


ADVANCED EVOLUTION OF PoPpULATION II Stars. III. Somez UNCERTAINTIES IN Hort- 
ZONTAL-BRANCH MopDEIS . . . . Pierre Demarque and John G. Mengel 


THE MASSES OF CEPHEID VARIABLES . K. Fricke, R. S. Stobie, and P. A. Strittmatter 


ULTRAVIOLET SPECTROPHOTOMETRY OF ARCTURUS FROM A ROCKET. . . Yoji Kondo 


ON THE DoMAINS OF EXISTENCE OF THE THREE TYPES OF SUPERSONIC SOLUTIONS OF 
THE Inviscip Sotar-WinD Equations . . . . . B.R. Durney and N. Werner 


THE IDENTIFICATION OF C160 IN THE INFRARED SUNSPOT SPECTRUM AND THE DETER- 
MINATION OF THE SOLAR #C/!8C ABUNDANCE RATIO 
Donald N. B. Hall, Robert W. Noyes, and Thomas R. Ayres 


EFFECTIVENESS OF CYCLONIC CONVECTION FOR PRODUCING THE GEOMAGNETIC FIELD 
Eugene H. Levy 


KINEMATIC REVERSAL SCHEMES FOR THE GEOMAGNETIC DrpotE ..__.. Eugene H. Levy 


VacuuM-ULTRAVIOLET SPECTRUM OF NEUTRAL Boron (B 1) 
David Goorvitch and Francisco P. J. Valero 


OVERLAP OF ARGON ION SPECTRA WITH SATELLITES TO THE LYMAN-ALPHA LINES OF 
CARBON AND BorON . . . . N.W. Jalufka and J. Cooper 


THE EvoLuTION OF GROWING STELLAR CORES UP TO CARBON IGNITION: FROM WHENCE 
THE Putsars? . . . Zalman Barkat, J. Craig Wheeler, and Jean-Robert Buchler 


INDEX TO VOLUME 171, PART 1. 


| 565 
| 
569 
583 
593 
605 
609 
615 
621 
635 
643 
647 
651 


INDEX TO VOLUME 171, PART 1 


Absolute Flux Density Measurements at Centimeter Wavelengths (Medd), 41. 

Abt, Helmut A., Bolton, C. T., and Levy, Saul G. IC 4665, a Cluster of Binaries, 259. 

Abundance Analysis of the Photometric Standard 29 Piscium (Klinglesmith), 79. 

Additional Scrutiny of a Proposed Test for Cluster Expansion (Rood), 1. 

Advanced Evolution of Population II Stars. III. Some Uncertainties in Horizontal-Branch 
Models (Demarque and Mengel), 583. 

Anderson, J. L., and Spiegel, E. A. The Moment Method in Relativistic Radiative Transfer, 
127. 

Auer, L. H., and Mihalas, Dimitri. Non-LTE Model Atmospheres. VII. The Hydrogen and 
Helium Spectra of the O Stars, 411. 

Ayres, Thomas R. See Hall, Noyes, and Ayres. 


Bahcall, John N., Kozlovsky, Ben-Zion, and Salpeter, E. E. On the Time Dependence of 
Emission-Line Strengths from a Photoionized Nebula, 467. 

Barkat, Zalman, Wheeler, J. Craig, and Buchler, Jean-Robert. The Evolution of Growing 
Stellar Cores up to Carbon Ignition: From Whence the Pulsars?, 651. 

Barrett, J. W. See Shen, Usher, and Barrett. 

Berger, P. S., and Simon, M. Solar Radio Recombination Lines, 191. 

Bertsch, D. L., Fichtel, C. E., and Reames, D. V. Nuclear Composition and Energy Spectra 
in the 1969 April 12 Solar-Particle Event, 169. 

Bias of Virial-Theorem Estimates of Mass (Sher), 531. 

Bleach, R. D. Boldt, E. A., Holt, S. S., Schwartz, D. A., and Serlemitsos, P. J. X-Ray Spectra of 
Discrete Sources in Cygnus, 51. 

Bless, R. C., and Savage, Blair D. Ultraviolet Photometry from the Orbiting Astronomical 
Observatory. II. Interstellar Extinction, 293. 

Boldt, E. A. See Bleach, Boldt, Holt, Schwartz, and Serlemitsos. 

Bolton, C. T. See Abt, Bolton, and Levy. 

Bouigue, R. See Niel, Vedrenne, and Bouigue. 

Breger, Michel. Pre-Main-Sequence Stars. I. Light Variability, Shells, and Pulsation in 
NGC 2264, 539. 

Bregman, Joel. See Strom, Strom, Brooke, Bregman, and Yost. 

Brooke, A. L. See Strom, Strom, Brooke, Bregman, and Yost. 

Buchler, Jean-Robert. See Barkat, Wheeler, and Buchler. 

Burbidge, E. Margaret, and Burbidge, G. R. The Peculiar Extragalactic System NGC 6438, 
253. 

Burbidge, G. R. See Burbidge and Burbidge. 

Burginyon, G. See Hill, Burginyon, Grader, Palmieri, Seward, and Stoering. 


Cameron, A. G. W. See Truran and Cameron. 

Circumstellar Shells in the Young Cluster NGC 2264. II. Infrared and Further Optical Obser- 
vations (Strom, Strom, Brooke, Bregman, and Yost), 267. 

Cohen, Judith Gamora. The Lithium Isotope Ratio in F and G Field Stars, 71. 

Color Change of a Population Model Based on the M32 Galaxy over the Four-Billion-Year 
Look-back Time to 3C 295 (Spinrad), 463. 

Comparison of the Luminosities of Perseus-Arm Stars in the Hy and MK Systems (Crampton), 
285. 


663 


2 

q 


664 INDEX TO VOLUME 171, PART 1 


Compton Backscattering of Solar X-Ray Emission (Tomblin), 377. 

Connerade, J. P. See Mansfield and Connerade. 

Cooper, J. See Jalufka and Cooper. 

Cosmic-Ray Effects on Diffuse Gamma-Ray Measurements (Fishman), 163. 

Cox, J. P., King, D. S., and Stellingwerf, R. F. Theoretical Pulsation Constants and Cepheid 
Masses, 93. 

Crampton, David. A Comparison of the Luminosities of Perseus-Arm Stars in the Hy and 
MK Systems, 285. 

Cromwell, Richard H., and Lynds, Beverly T. Observational Evidence of Collisional Excitation 
in Two Diffuse Nebulae, 279. 


Davidson, Kris. Photoionization and the Emission-Line Spectra of Quasi-stellar Objects, 213. 

Demarque, Pierre, and Mengel, John G. Advanced Evolution of Population II Stars. III. Some 
Uncertainties in Horizontal-Branch Models, 583. 

Devinney, Edward J. See Wilson and Devinney. 

Dicke, R. H. Rotation and Lithium Abundance in Solar-Type Stars, 331. 

Dissipative Effects in the Expansion of the Universe. I. (Matzner and Misner), 415. 

Dissipative Effects in the Expansion of the Universe. II. A Multicomponent Model for Neutrino 
Dissipation of Anisotropy in the Early Universe (Matzner), 433. 

Donn, B. See Stief, Donn, Glicker, Gentieu, and Mentall. 

Drake, G. W. F., and Robbins, R. R. The Population of Helium Triplet States in Gaseous 
Nebulae, 55. 

Durney, B. R., and Werner, N. On the Domains of Existence of the Three Types of Supersonic 
Solutions of the Inviscid Solar-Wind Equations, 609. 


Effect of Temperature Variations on the Primeval Production of Helium (Ipavich), 449. 

Effectiveness of Cyclonic Convection for Producing the Geomagnetic Field (Levy), 621. 

Electromagnetic Fields Produced by Relativistic Rotating Disks (Scharlemann and Wagoner), 
107. 

Emission-Line Intensities and UBV Magnitudes for Twenty-three Markarian Galaxies (Weed- 
man), 5. 

Equilibrium, Pulsational, and Secular Stability Properties of the Lower Carbon-Burning Main 
Sequence (Mariska and Hansen), 317. 

Evolution of Growing Stellar Cores up to Carbon Ignition: From Whence the Pulsars? (Barkat, 
Wheeler, and Buchler), 651. 


Fan, C. Y. See L’Heureux, Fan, and Meyer. 

Faulkner, D. J. See Robertson and Faulkner. 

Fichtel, C. E. See Bertsch, Fichtel, and Reames. 

Fichtel, C. E., Hartman, R. C., Kniffen, D. A., and Sommer, M. Siete Observations 
of the Galactic Center and Some Possible Point Sources, 31. 

Fishman, G. J. Cosmic-Ray Effects on Diffuse Gamma-Ray Measurements, 163. 

Fricke, K., Stobie, R. S., and Strittmatter, P. A. The Masses of Cepheid Variables, 593. 


Gamma-Ray Observations of the Galactic Center and Some Possible Point Sources (Fichtel, 
Hartman, Kniffen, and Sommer), 31. 

Gentieu, E. P. See Stief, Donn, Glicker, Gentieu, and Mentall. 

Glicker, S. See Stief, Donn, Glicker, Gentieu, and Mentall. 

Goorvitch, David, and Valero, Francisco P. J. Vacuum-Ultraviolet Spectrum of Neutral 
Boron (B 1), 643. 

Grader, R. J. See Hill, Burginyon, Grader, Palmieri, Seward, and Stoering. 

Grevesse, N., and Swings, J. P. The Solar Abundance of Silicon from Forbidden Lines of Si 1, 
179, 


INDEX TO VOLUME 171, PART 1 665 


Hall, Donald N. B., Noyes, Robert W., and Ayres, Thomas R. The Identification of #8C*O 
in the Infrared Sunspot Spectrum and the Determination of the Solar %C/!8C Abundance 
Ratio, 615. 

Hansen, Carl J. See Mariska and Hansen. 

Harrison, E. R., and Lake, R. G. Polytropic and Isothermal Plane-symmetric Configurations, 
323. 

Hartman, R. C. See Fichtel, Hartman, Kniffen, and Sommer. 

Hill, R. W., Burginyon, G., Grader, R. J., Palmieri, T. M., Seward, F. D., and Stoering, J. P. 
A Soft X-Ray Survey from the Galactic Center to Vela, 519. 

Hobbs, L. M., and Zuckerman, B. Interstellar Sodium Lines and the Two-Component Model 
of Galactic H 1 Regions, 17. 

Holt, S. S. See Bleach, Boldt, Holt, Schwartz, and Serlemitsos. 

Huang, Su-Shu. Profiles of Emission Lines in Be Stars, 549. 


IC 4665, A Cluster of Binaries (Abt, Bolton, and Levy), 259. 

Identification of CO in the Infrared Sunspot Spectrum and the Determination of the Solar 
12C/13C Abundance Ratio (Hall, Noyes, and Ayres), 615. 

Intensification of Gravitational Radiation by a Massive Rotator (Lawrence), 483. 

Interstellar Propagation of Galactic Cosmic-Ray Nuclei 2 < Z < 8 in the Energy Range 
10-1000 MeV per Nucleon (Mason), 139. 

Interstellar Sodium Lines and the Two-Component Model of Galactic H 1 Regions (Hobbs and 

Zuckerman), 17. 

Ipavich, Fred M. The Effect of Temperature Variations on the Primeval Production of Helium, 

449, 


Jalufka, N. W., and Cooper, J. Overlap of Argon Ion Spectra with Satellites to the Lyman- 
Alpha Lines of Carbon and Boron, 647. 


Kinematic Reversal Schemes for the Geomagnetic Dipole (Levy), 635. 

King, D. S. See Cox, King, and Stellingwerf. 

Klinglesmith, Daniel A., III. An Abundance Analysis of the Photometric Standard 29 Piscium, 
79. 

Kniffen, D. A. See Fichtel, Hartman, Kniffen, and Sommer. 

Kondo, Yoji. Ultraviolet Spectrophotometry of Arcturus from a Rocket, 605. 

Kozlovsky, Ben-Zion. See Bahcall, Kozlovsky, and Salpeter. 


Lake, R. G. See Harrison and Lake. 

Lawrence, John K. Intensification of Gravitational Radiation by a Massive Rotator, 483. 

Lebovitz, N. R., and Russell, G. W. The Pulsations of Polytropic Masses in Rapid, Uniform 
Rotation, 103. 

Leckrone, D. S. See Underhill, Leckrone, and West. 

Levy, Eugene H. Effectiveness of Cyclonic Convection for Producing the Geomagnetic Field, 
621. 

Levy, Eugene H. Kinematic Reversal Schemes for the Geomagnetic Dipole, 635. 

Levy, Saul G. See Abt, Bolton, and Levy. 

L’Heureux, Jacques, Fan, C. Y., and Meyer, Peter. The Quiet-Time Spectra of Cosmic-Ray 
Electrons of Energies between 10 and 200 MeV Observed on OGO-5, 363. 

Light Variations in Magnetic Stars (Trasco), 569. 

Lithium Isotope Ratio in F and G Field Stars (Cohen), 71. 

Lowrance, John L., Morton, Donald C., Zucchino, Paul, Oke, J. B., and Schmidt, Maarten. 
The Spectrum of the Quasi-stellar Object PHL 957, 233. 

Lynds, Beverly T. See Cromwell and Lynds. 


666 INDEX TO VOLUME 171, PART 1 


Mansfield, M. W. D., and Connerade, J. P. Relative Line Strengths of Intense Extreme-Ultra- 
violet Lines of Na 1 and Their Importance in Estimating Interstellar Abundances, 391. 

Mariska, John T., and Hansen, Carl J. Equilibrium, Pulsational, and Secular Stability Prop- 
erties of the Lower Carbon-Burning Main Sequence, 317. 

Mason, G. M. Interstellar Propagation of Galactic Cosmic-Ray Nuclei 2 < Z < 8 in the Energy 
Range 10-1000 MeV per Nucleon, 139. 

Masses of Cepheid Variables (Fricke, Stobie, and Strittmatter), 593. 

Matzner, Richard A. Dissipative Effects in the Expansion of the Universe. II. A Multicom- 
ponent Model for Neutrino Dissipation of Anisotropy in the Early Universe, 433. 

Matzner, Richard A., and Misner, Charles W. Dissipative Effects in the Expansion of the 
Universe. I, 415. 

Medd, W. J. Absolute Flux Density Measurements at Centimeter Wavelengths, 41. 

Mengel, John G. See Demarque and Mengel. 

Mentall, J. E. See Stief, Donn, Glicker, Gentieu, and Mentall. 

Metagalactic Gamma Rays from Relativistic-Electron Bremsstrahlung Interactions (Stecker 
and Morgan), 201. 

Meyer, Peter. See L’Heureux, Fan, and Meyer. 

Mihalas, Dimitri. See Auer and Mihalas. 

Misner, Charles W. See Matzner and Misner. 

Missing Solar Ultraviolet Opacity and Diatomic Molecules (Tarafdar and Vardya), 185. 

Moment Method in Relativistic Radiative Transfer (Anderson and Spiegel), 127. 

Morgan, D. L., Jr. See Stecker and Morgan. 

Morton, Donald C. See Lowrance, Morton, Zucchino, Oke, and Schmidt. 


Niel, M., Vedrenne, G., and Bouigue, R. Possible Observation of High-Energy Gamma Rays 
from the Cygnus Region, 529. 

Nonlinear Condensations in Self-gravitating Media. I. A Numerical Approach (Tassoul and 
Pellieux), 485. 

Nonlinear Condensations in Self-gravitating Media. II. An Analytical Approach (Tassoul and 
Tassoul), 495. 

Non-LTE Model Atmospheres. VII. The Hydrogen and Helium Spectra of the O Stars (Auer 
and Mihalas), 411. 

Noonan, Thomas W. The Unlikeliness that Molecular Hydrogen Stabilizes Clusters of Galaxies 
or Closes the Universe, 209. 

Noyes, Robert W. See Hall, Noyes, and Ayres. 

Nuclear Composition and Energy Spectra in the 1969 April 12 Solar-Particle Event (Bertsch, 
Fichtel, and Reames), 169. 


Observational Evidence of Collisional Excitation in Two Diffuse Nebulae (Cromwell and 
Lynds), 279. 

Oke, J. B. See Lowrance, Morton, Zucchino, Oke, and Schmidt. 

Olson, B. Ingemar. See Richer, Sharpless, and Olson. 

On the Distribution of OH in the Galaxy. I. Correlation with Continuum Sources and with 
Formaldehyde (Turner), 503. 

On the Domains of Existence of the Three Types of Supersonic Solutions of the Inviscid Solar- 
Wind Equations (Durney and Werner), 609. 

On the Integral-Sign Galaxy MCG 12-7-28 (Richer, Sharpless, and Olson), 13. 

On the Origin of Absorption Lines in Quasar Spectra (Roeder), 451. 

On the Time Dependence of Emission-Line Strengths from a Photoionized Nebula (Bahcall, 
Kozlovsky, and Salpeter), 467. 

Osmer, Patrick S. The Strength of the O 1 \7774 Line in the Brightest Stars in the Magellanic 
Clouds, 393. 

Overlap of Argon Ion Spectra with Satellites to the Lyman-Alpha Lines of Carbon and Boron 

(Jalufka and Cooper), 647. 


vc 
ok 4 


INDEX TO VOLUME 171, PART 1 


p-Process in Explosive Nucleosynthesis (Truran and Cameron), 89. 

Palmieri, T. M. See Hill, Burginyon, Grader, Palmieri, Seward, and Stoering. 

Peculiar Extragalactic System NGC 6438 (Burbidge and Burbidge), 253. 

Pellieux, Gérard. See Tassoul and Pellieux. 

Photochemistry and Lifetimes of Interstellar Molecules (Stief, Donn, Glicker, Gentieu, and 
Mentall), 21. 

Photoionization and the Emission-Line Spectra of Quasi-stellar Objects (Davidson), 213. 

Photometry of Compact Galaxies (Shen, Usher, and Barrett), 457. 

Polytropic and Isothermal Plane-symmetric Configurations (Harrison and Lake), 323. 

Population of Helium Triplet States in Gaseous Nebulae (Drake and Robbins), 55. 

Possible Observation of High-Energy Gamma Rays from the Cygnus Region (Niel, Vedrenne, 
and Bouigue), 529. 

Pre-Main-Sequence Stars. I. Light Variability, Shells, and Pulsation in NGC 2264 (Breger), 
539. 

Profiles of Emission Lines in Be Stars (Huang), 549. 

Pulsations of Polytropic Masses in Rapid, Uniform Rotation (Lebovitz and Russell), 103. 


Quiet-Time Spectra of Cosmic-Ray Electrons of Energies between 10 and 200 MeV Observed 
on OGO-5 (L’Heureux, Fan, and Meyer), 363. 


Realization of Accurate Close-Binary Light Curves: Application to MR Cygni (Wilson and 
Devinney), 413. 

Reames, D. V. See Bertsch, Fichtel, and Reames. 

Relative Line Strengths of Intense Extreme-Ultraviolet Lines of Na 1 and Their Importance in 
Estimating Interstellar Abundances (Mansfield and Connerade), 391. 

Richer, Harvey B., Sharpless, Stewart, and Olson, B. Ingemar. On the Integral-Sign Galaxy 
MCG 12-7-28, 13. 

Robbins, R. R. See Drake and Robbins. 

Robertson, J. W., and Faulkner, D. J. Semiconvection in the Core-Helium-Burning Phase of 
Stellar Evolution, 309. 

Rodgers, A. W. The Spectra and Colors of Two Blue Horizontal-Branch Stars in Omega 
Centauri, 257. 

Roeder, R. C. On the Origin of the Absorption Lines in Quasar Spectra, 451. 

Rood, Herbert J. Additional Scrutiny of a Proposed Test for Cluster Expansion, 1. 

Rotation and Lithium Abundance in Solar-Type Stars (Dicke), 331. 

Russell, G. W. See Lebovitz and Russell. 


Salpeter, E. E. See Bahcall, Kozlovsky, and Salpeter. 

Savage, Blair D. See Bless and Savage. 

Scanner Abundance Studies. V. Globular Clusters in M31 (Spinrad and Schweizer), 403. 

Scharlemann, Ernst T., and Wagoner, Robert V. Electromagnetic Fields Produced by Rela- 
tivistic Rotating Disks, 107. 

Schmidt, Maarten. See Lowrance, Morton, Zucchino, Oke, and Schmidt. 

Schwartz, D. A. See Bleach, Boldt, Holt, Schwartz, and Serlemitsos. 

Schweizer, Francois. See Spinrad and Schweizer. 

Semiconvection in the Core-Helium-Burning Phase of Stellar Evolution (Robertson and 
Faulkner), 309. 

Serlemitsos, P. J. See Bleach, Boldt, Holt, Schwartz, and Serlemitsos. 

Seward, F. D. See Hill, Burginyon, Grader, Palmieri, Seward, and Stoering. 

Sharpless, Stewart. See Richer, Sharpless, and Olson. 

Shen, B.S. P., Usher, P. D., and Barrett, J. W. Photometry of Compact Galaxies, 457. 

Sher, D. Bias of Virial-Theorem Estimates of Mass, 537. 

Simon, M. See Berger and Simon. 


667 
a 
j 
i 
‘ 
q 


668 INDEX TO VOLUME 171, PART 1 


Skumanich, A. Time Scales for Ca 11 Emission Decay, Rotational Braking, and Lithium De- 
pletion, 565. 

Soft X-Ray Survey from the Galactic Center to Vela (Hill, Burginyon, Grader, Palmieri, 
Seward, and Stoering), 519. 

Solar Abundance of Silicon from Forbidden Lines of Si 1 (Grevesse and Swings), 179. 

Solar Radio Recombination Lines (Berger and Simon), 191. 

Sommer, M. See Fichtel, Hartman, Kniffen, and Sommer. 

Spectra and Colors of Two Blue Horizontal-Branch Stars in Omega Centauri (Rodgers), 257. 

Spectrophotometry of the Beta Cephei Stars (Watson), 411. 

Spectrum of the Quasi-stellar Object PHL 957 (Lowrance, Morton, Zucchino, Oke, and 
Schmidt), 233. 

Spiegel, E. A. See Anderson and Spiegel. 

Spinrad, Hyron. The Color Change of a Population Model Based on the M32 Galaxy over the 
Four-Billion-Year Look-back Time to 3C 295, 463. 

Spinrad, Hyron, and Schweizer, Francois. Scanner Abundance Studies. V. Globular Clusters 
in M31, 403. 

Spinrad, Hyron, and Taylor, Benjamin J. The Stellar Content of the Nuclei of Nearby Galaxies. 
II. A Note on NGC 4594, 397. 

Stecker, F. W., and Morgan, D. L., Jr. Metagalactic Gamma Rays from Relativistic-Electron 
Bremsstrahlung Interactions, 201. 

Stellar Content of the Nuclei of Nearby Galaxies. II. A Note on NGC 4594 (Spinrad and Taylor), 
397. 

Stellingwerf, R. F. See Cox, King, and Stellingwerf. 

Stief, L. J., Donn, B., Glicker, S., Gentieu, E. P., and Mentall, J. E. Photochemistry and Life- 
times of Interstellar Molecules, 21. 

Stobie, R. S. See Fricke, Stobie, and Strittmatter. 

Stoering, J. P. See Hill, Burginyon, Grader, Palmieri, Seward, and Stoering. 

Strength of the O 1 \7774 Line in the Brightest Stars in the Magellanic Clouds (Osmer), 393. 

Strittmatter, P. A. See Fricke, Stobie, and Strittmatter. 

Strom, Karen M. See Strom, Strom, Brooke, Bregman, and Yost. 

Strom, Stephen E., Strom, Karen M., Brooke, A. L., Bregman, Joel, and Yost, Jonathan. 
Circumstellar Shells in the Young Cluster NGC 2264. II. Infrared and Further Optical 
Observations, 267. 

Swings, J. P. See Grevesse and Swings. 


Tarafdar, S. P., and Vardya, M. S. Missing Solar Ultraviolet Opacity and Diatomic Molecules, 
185. 

Tassoul, Jean-Louis, and Pellieux, Gérard. Nonlinear Condensations in Self-gravitating Media. 
I. A Numerical Approach, 485. 

Tassoul, Jean-Louis, and Tassoul, Monique. Nonlinear Condensations in Self-gravitating 
Media. II. An Analytical Approach, 495. 

Tassoul, Monique. See Tassoul and Tassoul. 

Taylor, Benjamin J. See Spinrad and Taylor. 

Theoretical Pulsation Constants and Cepheid Masses (Cox, King, and Stellingwerf), 93. 

Time Scales for Ca it Emission Decay, Rotational Braking, and Lithium Depletion (Skumanich), 
565. 

Tomblin, Fred F. Compton Backscattering of Solar X-Ray Emission, 377. 

Trasco, John D. Light Variations in Magnetic Stars, 569. 

Truran, J. W., and Cameron, A. G. W. The -Process in Explosive Nucleosynthesis, 89. 


e 
\ 
: 


No. 3, 1972 INDEX TO VOLUME 171, PART 1 669 


Turner, B. E. On the Distribution of OH in the Galaxy. I. Correlation with Continuum Sources 
and with Formaldehyde, 503. 


Ultraviolet Photometry from the Orbiting Astronomical Observatory. II. Interstellar Extinc- 
tion (Bless and Savage), 293. 

Ultraviolet Spectrophotometry of Arcturus from a Rocket (Kondo), 605. 

Underhill, A. B., Leckrone, D. S., and West, D. K. An Unusual Absorption Feature in the Far- 
Ultraviolet Spectrum of Early-Type Supergiants, 63. 

Unlikeliness that Molecular Hydrogen Stabilizes Clusters of Galaxies or Closes the Universe 
(Noonan), 209. 

Unusual Absorption Feature in the Far-Ultraviolet Spectrum of Early-Type Supergiants 
(Underhill, Leckrone, and West), 63. 

Usher, P. D. See Shen, Usher, and Barrett. 


Vacuum-Ultraviolet Spectrum of Neutral Boron (B 1) (Goorvitch and Valero), 643. 
Valero, Francisco P. J. See Goorvitch and Valero. 

Vardya, M. S. See Tarafdar and Vardya. 

Vedrenne, G. See Niel, Vedrenne, and Bouigue. 


Wagoner, Robert V. See Scharlemann and Wagoner. 

Watson, R. D. Spectrophotometry of the Beta Cephei Stars, 411. 

Weedman, Daniel W. Emission-Line Intensities and UBV Magnitudes for Twenty-three 
Markarian Galaxies, 5. 

Werner, N. See Durney and Werner. 

West, D. K. See Underhill, Leckrone, and West. 

Wheeler, J. Craig. See Barkat, Wheeler, and Buchler. 

Wilson, Robert E., and Devinney, Edward J. Realization of Accurate Close-Binary Light 
Curves: Application to MR Cygni, 413. 


X-Ray Spectra of Discrete Sources in Cygnus (Bleach, Boldt, Holt, Schwartz, and Serlemitsos), 
51. 


Yost, Jonathan. See Strom, Strom, Brooke, Bregman, and Yost. 


Zucchino, Paul. See Lowrance, Morton, Zucchino, Oke, and Schmidt. 
Zuckerman, B. See Hobbs and Zuckerman. 


. 
{ 

3 
| | 


~ 
a kd ae 
i 


ASTROPHYSICAL JOURNAL 


FOUNDED IN 1895 By GEorGE E. HALE AND JAMES E. KEELER 
Published in Collaboration with the American Astronomical Society 


A. Ast Donatp E. OsTeRBROCK 
Managing Editor Letters Editor 
Kitt Peak National Observatory University of Wisconsin 


Duatri MigALas Rosert C. Bress and S. Matus 
Associate Editor Associate Letters Editors 
University of Chicago University of Wisconsin 


EDITORIAL BOARD 


SIDNEY VAN DEN BEercu (1972-76) HERBERT FRIEDMAN (1970-74) 
David Dunlap Observatory U.S. Naval Research Laboratory 


H. Barrett (1971-75) MAARTEN Scumipt (1969-73) 
Massachusetts Institute of Technology California Institute of Technology 


L. Wottjer (1968-72) 
Columbia University 


Production Manager: JEANETTE R. BURNETT 


VOLUME 171, PART 2 


1972 JANUARY 1, JANUARY 15, AND FEBRUARY 1 


THE UNIVERSITY OF CHICAGO PRESS 
CHICAGO, ILLINOIS 


¥ 
4 


© 1972 BY THE UNIVERSITY OF CHICAGO. ALL RIGHTS RESERVED. 
PUBLISHED SEMIMONTHLY 


COMPOSED AND PRINTED BY THE UNIVERSITY OF CHICAGO PRINTING DEPARTMENT 
CHICAGO, ILLINOIS, U.S.A. 


= 
1¢ 
| 
| al 
| 
| 
| 
| 
‘ 


CONTENTS, PART 2 


NUMBER 1 


THE INFRARED SPECTRAL ALBEDO OF URANUS 
A. B. Binder and D. W. McCarthy, Jr. 


ENRICHMENT OF VERY HEAvy NUCLEI IN THE COMPOSITION OF SOLAR ACCELERATED 
PaRTICLES. . . . . . +... Antonio Mogro-Campero and J. A. Simpson 


THE SPECTRAL DEPENDENCE OF CIRCULAR POLARIZATION IN Grw+70°8247 
J. R. P. Angel, J. D. Landstreet, and J. B. Oke 


INTERPRETATION OF THE MINKOWSKI BANDs IN Grw+70°8247. . . R. P. Angel 


DETECTION OF STRONG INTERPULSES FROM NP 0532 
J. F. R. Gower and Edward Argyle 


PERIODICITY IN THE RADIOFREQUENCY SPECTRUM OF THE PULSAR CP 0328 
P. A. Sturrock, S. Antiochos, P. Switzer, and J. Vallée 


SEARCH FOR Faint ComPpANIoNSTO M31. . . . +. +. =~. Sidney van den Bergh 


VARIATIONS OF THE HYDROGEN LINES EMITTED BY THE NucLEus oF IC 450 
Marie-Helene J. Ulrich 


Gas MOTIONS IN THE CENTER OF THE SEYFERT GALAXY NGC 7469 
Marie-Helene J. Ulrich 


THE OpTicaL Osject IDENTIFIED WITH 3C 455 
H. C. Arp, E. M. Burbidge, C. D. Mackay, and P. A. Strittmatter 


THE X-Ray Spectrum or NGC 5128 
Michael Lampton, Bruce Margon, Stuart Bowyer, 
William Mahoney, and Kinsey Anderson 
NUMBER 2 
GRAVITIES OF BLUE HorIzONTAL-BRANCH STARS... A.G. Davis Philip 
THE PLEIADES LOWER MAIN SEQUENCE . . . Burton F. Jones 


Low-ENERGY X-Rays RULED OvuT As INTERSTELLAR IONIZING MECHANISM TOWARD 


345-Micron GROUND-BASED OBSERVATIONS OF M17, M82, AND VENUS 
R. R. Joyce, D. Y. Gezari, and M. Simon 


OBSERVATIONS OF THE VARIATION OF TEMPERATURE WITH LATITUDE IN THE UPPER 
SoLAR PHOTOSPHERE. . . ..._ Richard C. Altrock and Richard C. Canfield 


COMPOSITION OF THE VENUS CLOUD Tops IN LIGHT OF RECENT SPECTROSCOPIC DATA 
John S. Lewis 


ERRATUM 


PHOTOGRAPHIC DETECTION OF “INTERGALACTIC” MATTER IN THE CoMA CLUSTER 
Gary A. Welch and G. N. Sastry 


iil 


Ll 


LS 


17 
te 
d 
q ; 
q 
LAs 
4 LS1 
L57 
q 


CONTENTS 


NUMBER 3 


THE SPECTRA OF Two GALAXIES NEAR PKS 2251+11 
L. B. Robinson and E. J. Wampler 


A PROBABLE PRECURSOR TO THE X-Ray Nova CENTAURUS XR-4 
R. D. Belian, J. P. Conner, and W. D. Evans 


IDENTIFICATION OF CARBON DIOXIDE FROST ON THE MARTIAN POLAR CAPS 
Harold P. Larson and Uwe Fink 


NEw INFORMATION ON THE RATE OF THE CARBON-BURNING REACTION 
Michael Mazarakis and William Stephens 


DENsITY FLUCTUATIONS IN THE INTERPLANETARY PLASMA: AGREEMENT BETWEEN 
SPACEPROBE AND RADIO SCATTERING OBSERVATIONS. . . . Willard M. Cronyn 


INDEX TO VOLUME 171, PART 2. 


iv 
L101 
| 


INDEX TO VOLUME 171, PART 2 


Altrock, Richard C., and Canfield, Richard C. Observations of the Variation of Temperature 
with Latitude in the Upper Solar Photosphere, L71. 

Anderson, Kinsey. See Lampton, Margon, Bowyer, Mahoney, and Anderson. 

Angel, J. R. P. Interpretation of the Minkowski Bands in Grw+70°8247, L17. 

Angel, J. R. P., Landstreet, J. D., and Oke, J. B. The Spectral Dependence of Circular Polariza- 
tion in Grw+70°8247, L11. 

Antiochos, S. See Sturrock, Antiochos, Switzer, and Vallée. 

Argyle, Edward. See Gower and Argyle. 

Arp, H. C., Burbidge, E. M., Mackay, C. D., and Strittmatter, P. A. The Optical Object 

Identified with 3C 455, L41. 


Belian, R. E., Conner, j. P., and Evans, W. D. A Probable Precursor to the X-Ray Nova 
Centaurus XR-4, L87. 

Bergh, Sidney van den. Search for Faint Companions to M31, L31. 

Binder, A. B., and McCarthy, D. W., Jr. The Infrared Spectral Albedo of Uranus, L1. 

Bowyer, Stuart. See Lampton, Margon, Bowyer, Mahoney, and Anderson. 

Burbidge, E. M. See Arp, Burbidge, Mackay, and Strittmatter. 


Canfield, Richard C. See Altrock and Canfield. 

Chaisson, E. J., and Goad, L. E. Low-Energy X-Rays Ruled Out as Interstellar Ionizing 
Mechanism toward K3-50, L61. 

Composition of the Venus Cloud Tops in Light of Recent Spectroscopic Data (Lewis), L75. 

Conner, J. P. See Belian, Conner, and Evans. 

Cronyn, Willard M. Density Fluctuations in the Interplanetary Plasma: Agreement between 

Space-Probe and Radio Scattering Observations, L101. 


Density Fluctuations in the Interplanetary Plasma: Agreement between Space-Probe and Radio 
Scattering Observations (Cronyn), L101. 
Detection of Strong Interpulses from NP 0532 (Gower and Argyle), L23. 


Enrichment of Very Heavy Nuclei in the Composition of Solar Accelerated Particles (Mogro- 
Campero and Simpson), LS. 
Evans, W. D. See Belian, Conner, and Evans. 


Fink, Uwe. See Larson and Fink. 


Gas Motions in the Center of the Seyfert Galaxy NGC 7469 (Ulrich), L37. 
Gezari, D. Y. See Joyce, Gezari, and Simon. 

Goad, L. E. See Chaisson and Goad. 

Gower, J. F. R., and Argyle, Edward. Detection of Strong Interpulses from NP 0532, L23. 
Gravities of Blue Horizontal-Branch Stars (Philip), L51. 


Identification of Carbon Dioxide Frost on the Martian Polar Caps (Larson and Fink), L91. 
Infrared Spectral Albedo of Uranus (Binder and McCarthy), L1. 
Interpretation of the Minkowski Bands in Grw+70°8247 (Angel), L17. 


L107 


k 
! 
H 


L108 INDEX TO VOLUME 171, PART 2 


Jones, Burton F. The Pleiades Lower Main Sequence, L57. 
Joyce, R. R., Gezari, D. Y., and Simon, M. 345-Micron Ground-based Observations of M17, 
M82, and Venus, L67. 


Lampton, Michael, Margon, Bruce, Bowyer, Stuart, Mahoney, William, and Anderson, 
Kinsey. The X-Ray Spectrum of NGC 5128, L45. 

Landstreet, J. D. See Angel, Landstreet, and Oke. 

Larson, Harold P., and Fink, Uwe. Identification of Carbon Dioxide Frost on the Martian 
Polar Caps, L91. 

Lewis, John S. Composition of the Venus Cloud Tops in Light of Recent Spectroscopic Data, 
L75. 

Low-Energy X-Rays Ruled Out as Interstellar Ionizing Mechanism toward K3-50 (Chaisson 
and Goad), L61. 


McCarthy, D. W., Jr. See Binder and McCarthy. 

Mackay, C. D. See Arp, Burbidge, Mackay, and Strittmatter. 

Mahoney, William. See Lampton, Margon, Bowyer, Mahoney, and Anderson. 

Margon, Bruce. See Lampton, Margon, Bowyer, Mahoney, and Anderson. 

Mazarakis, Michael, and Stephens, William. New Information on the Rate of the Carbon- 
burning Reaction, L97. 

Mogro-Campero, Antonio, and Simpson, J. A. Enrichment of Very Heavy Nuclei in the Compo- 
sition of Solar Accelerated Particles, L5. 


New Information on the Rate of the Carbon-burning Reaction (Mazarakis and Stephens), 
L97. 


Observations of the Variation of Temperature with Latitude in the Upper Solar Photosphere 
(Altrock and Canfield), L71. 

Oke, J. B. See Angel, Landstreet, and Oke. 

Optical Object Identified with 3C 455 (Arp, Burbidge, Mackay, and Strittmatter), L41. 


Periodicity in the Radiofrequency Spectrum of the Pulsar CP 0328 (Sturrock, Antiochos, 
Switzer, and Vallée), L27. : 

Philip, A. G. Davis. Gravities of Blue Horizontal-Branch Stars, L51. 

Photographic Detection of ‘Intergalactic’ Matter in the Coma Cluster (Welch and Sastry), 
L81. 

Pleiades Lower Main Sequence (Jones), L57. 

Probable Precursor to the X-Ray Nova Centaurus XR-4 (Belian, Conner, and Evans), L87. 


Robinson, L. B., and Wampler, E. J. The Spectra of Two Galaxies near PKS 2251+11, L83. 


Sastry, G. N. See Welch and Sastry. 

Search for Faint Companions to M31 (van den Bergh), L31. 

Simon, M. See Joyce, Gezari, and Simon. 

Simpson, J. A. See Mogro-Campero and Simpson. 

Spectra of Two Galaxies near PKS 2251+-11 (Robinson and Wampler), L83. 

Spectral Dependence of Circular Polarization in Grw+70°8247 (Angel, Landstreet, and Oke), 
Li11. 

Stephens, William. See Mazarakis and Stephens. 

Strittmatter, P. A. See Arp, Burbidge, Mackay, and Strittmatter. 

Sturrock, P. A., Antiochos, S., Switzer, P., and Vallée, J. Periodicity in the Radiofrequency 
Spectrum of the Pulsar CP 0328, L27. 

Switzer, P. See Sturrock, Antiochos, Switzer, and Vallée. 


1 


INDEX TO VOLUME 171, PART 2 L109 


345-Micron Ground-based Observations of M17, M82, and Venus (Joyce, Gezari, and Simon), 
L67. 


Ulrich, Marie-Helene J. Gas Motions in the Center of the Seyfert Galaxy NGC 7469, L37. 
Ulrich, Marie-Helene J. Variations of the Hydrogen Lines Emitted by the Nucleus of IC 450, 


L35. 


Vallée, J. See Sturrock, Antiochos, Switzer, and Vallée. 
Variations of the Hydrogen Lines Emitted by the Nucleus of IC 450 (Ulrich), L35. 


Wampler, E. J. See Robinson and Wampler. 
Welch, Gary A., and Sastry, G. N. Photographic Detection of “Intergalactic” Matter { in the 


Coma Cluster, L81. 


X-Ray Spectrum of NGC 5128 (Lampton, Margon, Bowyer, Mahoney, and Anderson), L45. 


a! 


ASTROPHYSICAL JOURNAL 


FOUNDED IN 1895 By GEORGE E. HALE AND James E. KEELER 
Published in Collaboration with the American Astronomical Society 


A. Ast MigALas 
Managing Editor Associate Managing Editor 
Kitt Peak National Observatory University of Chicago 


EDITORIAL BOARD 


SIDNEY VAN DEN BErRGH (1972-76) HERBERT FRIEDMAN (1970-74) 
David Dunlap Observatory U.S. Naval Research Laboratory 


Atan H. Barrett (1971-75) MAARTEN Scumipt (1969-73) 
Massachusetts Institute of Technology California Institute of Technology 


L. Wottyer (1968-72) 
Columbia University 


Production Manager: JEANETTE R. BURNETT 


VOLUME 172, PART 1 


1972 FEBRUARY 15, MARCH 1, AND MARCH 15 


THE UNIVERSITY OF CHICAGO PRESS 
CHICAGO, ILLINOIS 


© 1972 BY THE UNIVERSITY OF CHICAGO. ALL RIGHTS RESERVED. 
PUBLISHED SEMIMONTHLY 


CHICAGO, ILLINOIS, U.S.A. 


| 

i 


CONTENTS, PART 1 


NUMBER 1 


A SPHERICALLY SYMMETRIC INHOMOGENEOUS COSMOLOGICAL MOD- 


ON TESTS FOR SUPERCLUSTERING OF ABELL CLUSTERS. i te Fullerton 
and Paul Hoover ‘ 


VIRIAL MASS DETERMINATIONS OF BOUND AND UNSTABLE GROUPS OF 
GALAXIES. Sverre J. Aarseth and William C. Saslaw 


OPTICAL OBSERVATIONS OF SOUTHERN RADIO SOURCES. E.M. me 
and G. R. Burbidge ‘ 


PULSAR ROTATION AND DISPERSION MEASURES AND THE GALACTIC 
MAGNETIC FIELD. R.N. Manchester 


ON THE MASSES OF TYPE II SUPERNOVA REMNANTS. Sabatino Sofia 

LITHIUM ABUNDANCES OF STARS IN OPEN CLUSTERS. R. R. Zappala 

SPECTROSCOPIC AND PHOTOMETRIC OBSERVATIONS OF M_ SUPER- 
GIANTS IN CARINA. Roberta M. er aya Donald W. Strecker, and E. P. 
Ney 

ASTRONOMICAL INFRARED SPECTROSCOPY WITH A CONNES-TYPE 
INTERFEROMETER. III. ALPHA ORIONIS, 2600-3450 CM‘. Reinhard 
Beer, Robert B. Hutchison, Robert H. Norton, and David L. Lambert 


UNIDENTIFIED BANDS IN THE NEAR-INFRARED SPECTRUM OF § 
LYRAE. S. Wyckoff and P. Wehinger ; nay: 


FORBIDDEN EMISSION LINES OF Mn 1 AND Fe 11 IN THE SPECTRA OF 
LONG-PERIOD VARIABLES NEAR MINIMUM LIGHT. H. Nussbaumer and 
J. P. Swings 

ROCKET SPECTROSCOPY OF ZETA ORIONIS. Andrew M. Smith 


SPACE MOTIONS OF K3-M2 DWARFS IN THE SOLAR NEIGHBOR- 


THERMAL INSTABILITY WITH VELOCITY SHEAR. S. P. Talwar and Meera 
Singla 


THERMOHALINE CONVECTION IN STELLAR INTERIORS. Roger K. Ulrich . 


37 


43 
53 
57 


13 


89 


117 


121 
129 


- 149 


155 


165 


1 

9 
= 

= 


iv CONTENTS 
RELATIVITY PARAMETER AT HIGH DEGENERACY. R. Mitalas 


RADIAL PULSATIONS OF PRE-WHITE-DWARF STARS. I. LINEAR QUASI- 
ADIABATIC ANALYSIS. H. M. Van Horn, M. B. Richardson, and Carl J. 


RADIATIVE RECOMBINATION OF HYDROGENIC IONS IN HIGH-TEMPERA- 
TURE PLASMAS. P. Gratreau and B. V. Robouch 


RATIO OF LINE INTENSITIES IN HELIUM-LIKE IONS AS A DENSITY 
INDICATOR. George R. Blumenthal, G. W. F. Drake, and Wallace H. Tucker . 


THE ABSORPTION SPECTRUM OF Tl 1 IN THE VACUUM ULTRAVIO- 
LET. J. P. Connerade 


Fe 1 OSCILLATOR STRENGTHS DETERMINED FROM ANOMALOUS DISPER- 
SION OF SHOCK-HEATED GASES. Martin C. E. Huber and W. H. Parkinson 
ABSTRACTS OF ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES 


THE ATMOSPHERES OF THE F-TYPE SUPERGIANTS. I. CALIBRATION 
OF THE LUMINOSITY-SENSITIVE O 147774 LINE. Patrick S. Osmer . 


THE ATMOSPHERES OF THE F-TYPE SUPERGIANTS. II. THE LINE 
AND CONTINUOUS SPECTRA. Patrick S. Osmer 


ERRATUM 


RADIATIVE RECOMBINATION COEFFICIENTS FOR COMPLEX 


NUMBER 2 


LIMITS ON THE LOCAL DEVIATION OF THE UNIVERSE FROM A HOMO- 
GENEOUS MODEL. Allan Sandage, G. A. Tammann, and Eduardo Hardy 


MODELS FOR THE COSMIC EVOLUTION OF RADIO GALAXIES AND 


LIMITATIONS ON THERMAL AND NONTHERMAL MODELS FOR THE 
RADIATION FROM EXTRAGALACTIC SOURCES. T. W. Jones and P. J. 

HIGH-RESOLUTION OBSERVATIONS OF COMPACT RADIO SOURCES AT 
13 CENTIMETERS. II. J. J. Broderick, K. I. Kellermann, D. B. Shaffer, and 


INTERNAL KINEMATICS OF THE 30 DORADUS NEBULA IN THE LARGE 
MAGELLANIC CLOUD. Malcolm G. Smith and Daniel W. Weedman 


FOKKER-PLANCK EQUATIONS FOR CHARGED-PARTICLE TRANSPORT IN 
RANDOM FIELDS. J. R. Jokipii 


181 
| 
| 
i 
299 


CONTENTS 
CYCLO-SYNCHROTRON RADIATION AT SMALL ANGLES. E. Tademaru 


PREDICTIONS ON FINDING THE NH AND NH, RADICALS IN INTER- 
STELLAR SPACE. B. Kerns and A. B. F. Duncan ‘ > 


SURVEY OF MOLECULAR LINES NEAR THE GALACTIC CENTER. I. 
6-CENTIMETER FORMALDEHYDE ABSORPTION IN SAGITTARIUS A, 
SAGITTARIUS B2, AND THE GALACTIC PLANE FROM I/II = 359°4 TO 
fl=2°2. Z. Scoville, P. M. Solomon, and P. Thaddeus 


SPECTROSCOPIC BINARIES IN THE OPEN CLUSTER NGC 2516. Helmut A. 
Abt and Saul G. Levy ; ts : 


SPECTROPHOTOMETRIC STUDIES OF GASEOUS NEBULAE. XX. THE 
INHOMOGENEOUS, LOW EXCITATION, PLANETARY NGC 40. L. H. 
Aller, S. J. Czyzak, E. G. Buerger, and Paul Lee nih eat 


INFRARED STUDIES OF GALACTIC NEBULAE. IV. CONTINUUM AND LINE 
RADIATION FROM PLANETARY NEBULAE. F. C. Gillett, K. M. Merrill, 


VY CANIS MAJORIS. Ill. POLARIZATION AND STRUCTURE OF THE 
NEBULOSITY. G. H. Herbig 


A PHOTOMETRIC STUDY OF SELECTED R CORONAE BOREALIS VARI- 
ABLES. J. D. Fernie, Vicki Sherwood, and David L. DuPuy 


CARBON STARS AND THE CNO BI-CYCLE. Rodger I. Thompson 


THE RATE OF THE !*N(a, y)'®F REACTION. R. G. Couch, H. a. 7. x. 
Tombrello, and T. A. Weaver 


OSCILLATORY THERMAL INSTABILITIES AT THE ONSET OF HELIUM 
SHELL BURNING. R. Harm and M. Schwarzschild 


A W VIRGINIS MODEL USING RADIATION TRANSFER. Cecil G. Davis, Jr. 


A PHYSICAL INTERPRETATION OF RECENT PERIOD-LUMINOSITY RELA- 
TIONS FOR RR LYRAE VARIABLES. J. P. Cox, J. I. Castor, and D. S. King 


THE BRAKING INDEX AND PERIOD-—PULSE-WIDTH DISTRIBUTION OF 
PULSARS. D.H. Roberts and P. A. Sturrock 


THE OPTICAL POLARIZATION OF SCORPIUS X-1. J. D. Landstreet and J. R. 
P. Angel Las =. 


POLYNOMIAL APPROXIMATION OF PARTITION FUNCTIONS FOR RARE- 
EARTH ELEMENTS. Margo F. Aller and Carol H. M. Everett 


THE SPECTRA AND ELEMENT ABUNDANCES OF COOL WHITE 


THE EFFECT OF RADIATIVE EQUILIBRIUM ON THE PHOTOSPHERIC 
ANGULAR VELOCITY. B.R. Durney + 


Vv 

.. 
8 419 

| 


vi CONTENTS 


ON ESTIMATES OF THE NONRADIATIVE ENERGY INPUT TO THE SOLAR 
CHROMOSPHERE FROM THE H’ EMISSION. F. Praderie and R. N. Thomas 


A SURVEY OF LOCAL INTERSTELLAR HYDROGEN FROM OAO-2 OBSER- 
VATIONS OF LYMAN ALPHA ABSORPTION. Blair D. Siew and Edward 
P. Jenkins 
ABSTRACTS OF ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES 
THERMONUCLEAR DETONATION AND BETA-INDUCED REIMPLOSION 
OF DENSE STELLAR CORES. Stephen W. Bruenn 
ERRATUM 
A DYNAMIC EQUATION FOR STOCHASTIC MAGNETIC FIELD LINES IN 
THE GALAXY. Frank C. Jones ae 
NUMBER 3 
EDITORIAL. Helmut A. Abt 
A NEW COMPLETE SAMPLE OF QUASI-STELLAR RADIO SOURCES AND 
THE DETERMINATION OF THE LUMINOSITY FUNCTION. — i 


LOW-MASS PROTOGALAXIES AND ABSORPTION LINES IN hasan STELLAR 
OBJECTS. Jonathan Arons 


INTERGALACTIC CLOUDS IN THE COMA CLUSTER? Donald Goldsmith and 
Joseph Silk 


WOLF-RAYET STARS IN M33. James D. Wray and George J. Corso 


INTERFEROMETER POSITIONS OF EIGHTEEN OH EMISSION SOURCES. El- 
len G. Hardebeck 


IMAGE-TUBE PHOTOGRAPHY OF DIFFUSE NEBULAE IN 49532. Peter 
Foukal 


THE RECOMBINATION SPECTRUM OF THE PLANETARY NEBULA NGC 
7027. Joseph S. Miller and William G. Mathews 


THE LOSS OF ANGULAR MOMENTUM DUE TO EVOLUTION OF RAPIDLY 
ROTATING EARLY-TYPE STARS. Peter R. Gredley and Ermanno F. Borra 


485 


491 


525 


- 527 


531 


» 


- 563 
O77 


583 


591 


593 


609 


THE COLOR EXCESSES AND METALLICITIES OF THE OPEN CLUSTERS ~ 


NGC 2360 AND NGC 3680. Robert D. McClure 


THE ABSOLUTE MAGNITUDES AND SPECTRAL TYPES OF THE STARS IN 
THE GAMMA VELORUM SYSTEM. Peter S. Conti and Lindsey F. Smith 


- 615 


- 623 


CONTENTS 


A SEARCH FOR SMALL-AMPLITUDE SPECTROSCOPIC BINARIES AMONG 
MAIN-SEQUENCE F-TYPE STARS. Kurt S. Anderson and Robert P. Kraft . 


NARROW- AND BROAD-BAND PHOTOMETRY OF RED STARS. VII. LUMI- 
NOSITIES AND TEMPERATURES FOR HALO-POPULATION RED STARS 
OF HIGH LUMINOSITY. O. J. Eggen 


NONVARIABLE SUPERGIANTS IN THE CEPHEID INSTABILITY STRIP. Ed- 
ward G. Schmidt 


ON THE STATISTICS OF STELLAR DYNAMICAL SYSTEMS. R. H. Miller 


EQUILIBRIUM THERMODYNAMICS OF NONIDEAL REACTING GASES. Har- 
old C. Graboske, Jr. 


NOVA HYDRODYNAMICS. William K. Rose and Richard L. Smith 


DETONATION IN STELLAR CORES: THE EFFECT OF NUCLEAR STATISTI- 
CAL EQUILIBRIUM. J.-R. Buchler, J. C. Wheeler, and Z. Barkat 


DISSIPATIVE PROCESSES IN NEUTRON-STAR CRUSTS AND THE PRODUC- 
TION OF BLACKBODY X-RAY SOURCES. R.N. Henriksen, P. A. Feldman, 
and W. Y. Chau 


VELOCITY OF THE SOLAR WIND AS DETERMINED FROM INTER- 
PLANETARY SCINTILLATIONS. J. R. Jokipii and L. C. Lee 


FORCED DIFFUSION OF SOLAR MAGNETIC FIELDS. G. W. Pneuman and 
M. A. Raadu . 


i 


OSCILLATIONS IN AN ISOTHERMAL ATMOSPHERE: THE SOLAR FIVE- 
MINUTE OSCILLATIONS. Gordon Worrall 


ULTRAVIOLET PHOTOMETRY FROM THE ORBITING ASTRONOMICAL 
OBSERVATORY. III. OBSERVATIONS OF VENUS, MARS, JUPITER, AND 
SATURN LONGWARD OF 2000 A. L. Wallace, J. J. Caldwell, and Blair D. 

THE ABSORPTION SPECTRUM OF S 1 IN THE VACUUM ULTRAVIO- 

ERRATUM 


ON THE INTERPRETATION OF THE Ha PROFILE OF THE SEYFERT 
GALAXY NGC 5548. Kurt S. Anderson : . 


INDEX TO VOLUME 172, PART 1 


vii 
639 
679 
685 
717 
749 
755 4 
771 
785 


| 
q 
‘ 
3 
4 
4 
4 
‘d 


ERRATUM 


In the paper “On the Interpretation of the Ha Profile of the Seyfert Galaxy NGC 
5548,” by Kurt S. Anderson (Ap. J., 169, 449, 1971), an error was made in computing 
the line profiles to be expected from the model considered. 

The equations of that paper may be corrected as follows. First, set G(v, x) = 1 in all 
equations. The condition |v| < u(r) in equation (1) should be replaced by —v(r) < 
v < v(r)-V/(1 — ro°r-?). Finally, for v > 0, the lower limit of the integrals in equations 
(3) and (4) should be given as yu = +/(v? + wo”). 

These corrections have no effect upon the blue (v < 0) half of the computed profiles. 
On the red side, however, the correct profiles differ from those incorrectly given in 
Figure 2 of the paper. The correct profiles are smoothly decreasing functions of »v for 
v > 0, no discontinuity being present at v = 0 and no redward plateau appearing in 
the profile. The amended profiles show only a weak dependence upon the choice of the 
parameter v(7o) for positive v and lie somewhat above the observed profile for v < 
1500 km s~! and slightly below the observations for larger velocities. Fortunately, the 
qualitative aspects of the discussion presented are not significantly affected by the above 
error. 


The author wishes to thank Dr. Marie-Helene Ulrich for calling this error to his 
attention. 
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ERRATA 


We are grateful to R. E. Wilson for pointing out in a private communication that in 
the paper, ‘Evidence for the Binary Nature of Centaurus X-3 from Uhuru X-Ray 
Observations” (A p. J. [Letters], 172, L79, 1972) the equation 


sin = £(1 + 2) sin as 


is incorrect. The consequence is that by using the correct expression 


2 


we cannot place a lower bound on sin 7. Thus, the upper limits on »v, r, and M*/(M + 
m)* should be disregarded and the lower limit on R is changed to 0.6 X 10" cm. There 
are, of course, consequences with respect to mass and density limits. However, no use 
was made in our discussion of the exact values of these parameters and thus the above 
considerations do not alter our main conclusions with regard to the nature of the system. 

It should also be noted in table 1 that the equation under “Phasing Analysis” should 


read 
t = + A cos — bt). 


E. SCHREIER 
R. LEVINSON 
H. Gursky 

E. KELLOGG 
H. TANANBAUM 
R. GIAccont 


In the paper, “Further Observations of the Pulsating X-Ray Source Cygnus X-1 
from Uhuru,” by E. Schreier, H. Gursky, E. Kellogg, H. Tananbaum, and R. Giacconi 
(Ap. J. [Letters], 170, L21, 1971), the horizontal axis of figure 4a was incorrectly labeled. 
The values of the spectral index a should be 3.0, 4.0, and 5.0 rather than the originally 
published 3.0, 3.5, and 4.0. 
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